. (1988). Atomic relaxations around vacancy clusters in molybdenum and their effects on trapped-positron lifetime. Physical Review B, 37(1), 6-11. https://doi.org/10.1103/PhysRevB.37.6 PHYSICAL REVIE% 8 VOLUME The relaxations of 6rst-and second-nearest-neighbor shells of atoms around a monovacancy and around voids corresponding to the removal of 9, 15, 27, and 51 atoms in molybdenum have been calculated by minimizing the total energies with respect to atomic displacements. The energies are obtained by using the tight-binding scheme within the moments and continued-fraction formulation. The sign of the atomic displacements (inward or outward) of both the nearest and nextnearest neighbors varies with the size of the void. In addition, the displacements exhibit oscillations as a function of void size and do not appear to converge to atomic relaxations characteristic on surfaces even for the largest void studied. The relaxation of the 6rst-nearest neighbor has a signi6cant effect on the lifetime of positrons trapped in monovacancies, bringing theory to much better agreement with experiment. This efrect, however, diminishes and becomes insigni6cant as voids grow 1n size.
I. INTRODUCTION The irradiation of materials with high-energy elec™ trons and ions creates a cascade of vacancies. At elevated temperatures, these vacancies may migrate and cluster to form voids. It is of both fundamental and technological importance to characterize the structure and size of these voids at submicroscopic stages. The electronic structure of the materials can be exploited for this purpose. It is clear that as a void begins to grow, a stage must come when it approximates an internal planar surface. The electronic properties, which are expected to be sensitive to the void size, would cease to provide useful structural information when this limit is reached.
In this paper, we present theoretical results on different electronic and lattice properties as a function of void size in molybdenum. These include atomic relaxations around voids, electron and positron charge distribution, and the positron annihilation rate. It is normally expected that atoms around a monovacancy would relax inward. However, it is not clear how these relaxations proceed as vacancies cluster to form voids. Clearly, when voids become infinitely large, they would represent internal planar surfaces. The relaxation of the nearestneighbor shell of atoms (i.e. , atoms nearest to the void center) around the void should then be very close to that seen by the surface layer atoms. How big does a void have to be for this limit to be reached' Do the atomic relaxations approach the surface limit rnonotonically as thc voids grow in size 7 The displaccITlcnt of atoms causes a further perturbation of the host electron densi- 
P(r) is the electrostatic potential of the electron due to the perturbation and V"" is the positron-electron correlation potential evaluated in the local-density approximation. n (r} is the self-consistent electron density and
Vo is the kinetic energy of the positron in perfect Mo which is taken to be 5.88 eV. Since there is only one positron at any given time in the lattice, only the ls state of the trapped positron is calculated.
The positron annihilation rate is calculated from the positron and electron density distribution using the local-density approximation:
A, = J d'r n (r+)1'{n (r)), n (+r)=~f+(r)~is the positron density distribution function'and I' is the local annihilation rate and is a functional of n (r). It is conventional ' to express I as a sum of two contributions originating from positrons annihilating with valence electrons I,(n"(r)), and core electrons I,(n, (r)): (14) I, is approximated by the Brandt-Reinheimer formula, ' whereas I, is obtained empirically by fitting the calcu- 
III. RESULTS AND MSCUSSIONS
The results of the relaxation of first-and secondnearest-neighbor atoms located from the center of the monovacancy and voids (corresponding to the removal of 9, 15, 27, and 51 atoms) are plotted in Fig. 1 Fig. 1 . It will be shown later that a much larger relaxation (than discussed above) of first-NN atoms around vacancies is needed to explain the positron annihilation experiments.
The relative variations in the sign of the displacements of the first NN atoms can be understood in terms of a simple pair-ion interaction. %'e plot in Fig. 2 the pair potential of a Mo2 dimer calculated using the tightbinding method outlined in the previous section. %'e first concentrate on the relaxation around the monovacancy. The location corresponding to the interatomic distance is indicated by an arrow in Fig. 2 . At this distance, the atoms lie in the attractive region of the potential. Consequently, a decrease in the interatomic distance resulting from an inward relaxation of the first-NN shell gives rise to a gain in the pair-interaction energy.
It should be pointed out that as the 6rst-nearest neighbors relax inward, the distance between the first-and second-nearest neighbor would increase. This, in turn, would cost additional pair-interaction energy. It is the relative strength of these two energies that ultimately determines the magnitude and sign of the relaxations. For voids of nine atoms and larger, the interatomic distances between the first-nearest neighbors lie in the fiat region of the pair potential in Fig. 2 
